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Green IT
Indranil Bose and Shipeng Yan, University of Hong Kong
Findings from 13 case studies on RFID’s use in green projects reveal 
its potential not only to enhance environmental sustainability but also 
to reduce costs and generate revenue by creating new commercial 
opportunities.
R
FID has been a popular technology in 
the areas of supply-chain management, 
asset tracking, and manufacturing. 
In general, research related to RFID’s 
potential contributions fall under technologi-
cal, applications-related, or policy and security 
issues.1 However, there’s little discussion in the 
extant literature on the environmentally respon-
sible management of RFID.
Traditionally, information and communica-
tions technologies (ICT) have been viewed as 
having a negative impact on the environment,2
and RFID, as part of ICT, has earned a similar 
reputation.3 RFID is also one of the main tech-
nologies of pervasive computing, which con-
sumes enough energy to negatively impact the 
environment.4 Furthermore, some experience 
has suggested that we need to take precautionary 
measures to prevent the likely negative results 
from the final disposal of RFID labels.5 Cur-
rently, RFID tags are neither biodegradable nor 
recyclable.3
Nonetheless, RFID could indeed be a part of 
green IT, not only by adding economic value to 
organizations but also by improving environ-
mentally responsible practices related to IT—for 
example, by accurately tracking a perishable item 
and preventing its spoilage, RFID can save energy 
in operations ranging from growing and harvest-
ing to packaging and refrigeration.
To explore RFID’s potential in green IT, we re-
viewed 13 case studies, evaluating RFID’s contri-
bution to green objectives.
Studying Green RFID Projects
Sustainability has become a developmental pri-
ority and political agenda throughout the world. 
Figure 1 illustrates the growth of green technolo-
gies and RFID markets in the past 15 years.6–8
To fully appreciate RFID’s potential to become 
a prominent green IT, we embarked on a study of 
13 RFID case studies to evaluate the progress of 
RFID in attaining green objectives. We selected 
published case studies in which RFID was used 
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with a strong green objective. Our exploration 
of the case studies revealed that RFID can in-
deed be a part of green IT, not only by adding 
economic value to organizations but also by im-
proving environmentally responsible practices 
related to IT. In the process, we also studied 
how green RFID projects are executed and what 
challenges these projects encountered in their 
implementation.
Selecting the Case Studies
To avoid underestimating RFID’s potential 
in and contribution to environmental sustain-
ability, we chose case studies that spanned 
common green applications such as energy 
efficiency, waste reduction, and recycling.9 We 
included green IT cases with full or partial 
RFID components. Although we didn’t spec-
ify a time frame in our search for case stud-
ies, the returned results were all fairly recent, 
indicating that green IT is an emerging topic 
and RFID’s use in green IT has only recently 
become popular.
Another characteristic of the case studies we 
used is that they’re all from the US or Europe. 
In Europe, there’s a high level of cross-national 
cooperation regarding environmental concerns. 
The specific applications of RFID technology in 
the case studies differed depending on the proj-
ect’s nature, but they all predominantly focused 
on using RFID for recycling and energy efficien-
cy, with some projects dedicated to asset tracking.
The case studies we reviewed report results 
from a range of commercial enterprises:
• Walmart—uses RFID technology throughout 
its supply chain, reducing CO2 emissions.10
• Recycle Bank—employs an RFID 
system in trash bins to allow 
municipalities to measure the 
amount of recycling done by a 
household and give them rewards 
in return.11
•  Rewards for Recycling—employs 
RFID-enabled recycling to give 
incentives to households for 
recycling.12
•  Multi Life Cycle Center—sorts, 
tracks, and assesses the value of 
discarded electrical and electronic 
equipment for reuse or recycling.13
• Concept2Solution—uses RFID-equipped re-
cycle bins to remind households to actively 
participate in recycling programs.14
• Promise—uses an RFID-based decision sup-
port system to track the process of recycling 
the plastics used in automobiles.15
• Indisputable Key—tracks wood circulating in 
the supply chain using RFID-tagged logs.16
• Smart Vareflyt—uses RFID to optimize the 
flow of perishable goods along the supply 
chain.17
• Strawberry—prevents the spoilage of straw-
berries being transported in Switzerland using 
RFID tags with a temperature sensor.18
• The City of London School for Girls—uses 
RFID to better control room temperatures.19
• Nestlé Italy—uses temperature control to 
reduce spoilage, improve quality, and lower 
energy-related costs.20
• TruckTag—uses RFID to enable faster and 
automated driver security inspection, reduced 
congestion, and improved air quality.21
• DHL Smart Truck—uses RFID to increase the 
efficiency of pickups and deliveries.22
The Framework
To assess RFID as a green IT, we adopted a 
closed-loop framework that captures the full 
cycle of any project by decomposing it into four 
states: motivation, execution, challenges, and 
impacts (MECI).23 Table 1 explains the compo-
nents of this framework and its relationship with 
the assessment of green RFID projects.
Analyzing Green RFID Projects
Here we discuss our assessment of the green 
RFID projects using the MECI framework. 
Figure 1. Growth in global RFID and green markets. In 2009, the 
RFID market grew to US$5.03 billion,6,7 while the green market grew 
to $660 billion.8
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Our goal in doing this analysis is to develop a 
deeper understanding of the RFID projects with 
green objectives.
Motivation
The motivation behind an organization’s strate-
gic decision can be explicitly stated or implied. 
The motivations for the 13 case studies fall under 
three categories.
Financial. Financial motivation commonly drives 
organizations to engage in green RFID projects. 
Both cost savings and revenue generation moti-
vated the case study RFID projects. For example, 
Promise is an RFID-based decision support sys-
tem that tracked the entire process of recycling 
plastics used in automobiles and reduced opera-
tional costs.15
On the revenue-generation front, an RFID tag 
equipped with a temperature sensor has prevented 
the spoilage of strawberries being transported in 
Switzerland, resulting in an 8 percent increase in 
profit.18
Operational. In terms of operational objectives, 
the need for new functionalities and efficiency 
improvement has driven the development of 
green RFID. This has prompted some to refer 
to these activities as “IT for green,” rather than 
green IT. Naturally, as RFID systems reduce 
waste and energy consumption while improving 
quality, people start to realize the joint opportu-
nity for improvement in operational efficiency 
and environmental sustainability. Efforts to make 
the globe greener don’t necessarily stand in the 
way of economic prosperity.
Strategic. Strategic concerns that include goals 
related to environmental sustainability have also 
motivated organizations. Some organizations 
have taken a passive position to fulfill promised 
social responsibilities or to comply with newly 
enacted regulations, whereas others have actively 
promoted the concept of improving environ-
mental health. Concept2Solution has equipped 
recycling bins with RFID tags that can identify 
neighborhoods and households that don’t actively 
participate in recycling programs.14
With rising public concern and regulatory 
pressure, companies can benefit from a proac-
tive approach. Organizations that proactively 
adopt green IT are more likely to adapt to fur-
ther changes in environmental regulations. Fur-
thermore, such organizations are more likely to 
capitalize on the experience of exploring green 
IT and to become more at ease with building a 
socially responsible brand image.
Execution
The factors that affect the project execution 
include the unit level at which RFID is imple-
mented, the project’s progress toward com-
pletion, and any partnerships involved in the 
project’s organization.
Unit Level. The unit level at which RFID is 
adopted affects the degree of accuracy, level of 
efficiency improvement, and cost.
For example, Recycle Bank executes its RFID 
system at the object level—in trash bins.11 The 
lower the unit level, the higher the accuracy and 
cost. The Indisputable Key project attaches RFID 
tags to each and every log to accurately track the 
Table 1. Components of the MECI framework in the context of green RFID projects.
Category Definition Subcategories
Motivation 
 
reasons that drive  
the adoption of  
green rFID projects
 • Financial: revenue generation and cost savings
 • Operational: efficiency improvement and quality control
 • Strategic: compliance with regulation and preservation of environment health
execution 
 
Strategy and processes 
that get executed  
during the project
 • Unit level: execution level at which the project is positioned 
 • Project progress: extent of completion of the project
 • Partnerships: degree to which the project involves multiple parties
Challenges 
 
 
Difficulties faced  
during project 
implementation 
 • Technological: technological hurdles that hampered the operations or  
continued to affect the organization
 • Informational: informational obstacles that affected the performance of the  
system
Impacts Anticipated and 
unexpected  
consequences from  
the project 
implementation
 • environmental sustainability: improved environmental practices brought  
by the project
 • Business value: costs saved and revenues generated due to the project 
 • Social responsibility: welfare created by the project for local and global 
communities
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wood being circulated in the supply chain, de-
spite the high costs.16 However, the unit level 
can’t go too low; it’s bounded by technological 
feasibility and budgetary constraints.
Project Progress. The progress that RFID proj-
ects have made is an indication of their over-
all technological maturity and organizational 
mastery.
Big corporations seem to have made more 
progress in green RFID projects, given their 
stronger financial capabilities, their operational 
advantages, and pressure from the public. This 
is evidenced by Walmart’s embrace of RFID 
technology and its mandate on all its suppliers 
to comply with the RFID standard.10 Walmart’s 
green RFID projects have moved from the pilot 
to implementation phase. On the other hand, 
DHL’s Smart Truck Initiative is still in the pilot 
stage because critical technological functional-
ities have yet to be realized.22 Inaccuracy in RFID 
read rates remains an unresolved issue.
Some small companies have advanced farther 
than the pilot stage in recycling-related activities 
because the technological hurdles are lower and 
the operational demand is moderate. Reward for 
Recycling, an RFID-enabled recycling business, 
is seeking expansion, indicating that its model 
has worked locally and has the potential to suc-
ceed on a larger scale.12 Another pilot project, the 
Multi Life Cycle Center, has used RFID for sort-
ing, tracking, and value assessment of discarded 
electrical and electronic equipment for reuse, 
remanufacturing, or recycling.13
Partnerships. The number and kind of a proj-
ect’s partnerships indicate the resources it re-
quires for completion as well as its scope. Most 
of the case studies in this article refer to green 
RFID projects involving not only private compa-
nies but also public organizations.
Consider Indisputable Key. It’s a widely coor-
dinated project involving forestry companies, 
government bodies, and academic institutions, 
reflecting the difficulties in addressing environ-
mental problems that require resources and co-
operation from multiple parties. It also reflects 
the fact that the scope of the environmental 
problem has crossed over traditional organiza-
tional boundaries. In spite of coordination and 
communication costs, the resources acquired 
through partnerships can tackle large environ-
mental problems that single organizations can’t 
solve.
Challenges
RFID projects with green objectives inevitably 
face challenges, including technological issues, 
informational problems, and organizational 
difficulties.
Technological. Technological problems are the 
most visible and require immediate attention. 
Six of the projects we studied are still in the pilot 
stage, tackling technological issues such as reli-
ability, accuracy, and metal interference.
In the case of DHL, the tags can’t achieve 
100 percent read rate accuracy when the dura-
tion of the reader-tag interaction is too short,22 
yet it’s impractical to completely prevent short 
reader-tag interaction. Concept2Solution’s key 
challenge has been ensuring that the workers 
don’t forget the step that activates the RFID 
system.14
Informational. Informational problems become 
apparent when RFID systems don’t act alone but 
integrate with other electronic systems.
For example, Smart Vareflyt’s RFID system 
worked properly in isolation but not when in-
tegrated with existing data systems.17 Infor-
mational problems occurred when actual and 
registered data differed, data wasn’t updated, or 
data corrections required additional resources. 
Similarly, Nestlé Italy’s system accuracy rate is, 
on average, only 80 to 90 percent because system 
performance relies not only on the functionality 
of the RFID components but also on the connec-
tion between the RFID system and the rest of the 
enterprise system.20
Additionally, one of the most intractable chal-
lenges hampering RFID’s development is pri-
vacy and security concerns. As companies and 
public organizations continue to seek partner-
ships, resource sharing poses challenges that 
require addressing high-level organizational is-
sues. In the case of Smart Vareflyt, the tough-
est challenges weren’t just the data integration 
issues at the informational level but also the fair 
sharing of information and resources and en-
forcement of competition law at the organiza-
tional level.17
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Impacts
The objectives of the green RFID projects must 
be reasonably attainable so that people are prop-
erly motivated and willing to commit resources 
and time. Green RFID projects might not im-
prove environmental health as fast as the globe 
needs, but the subtle shift in how a business 
operates can gradually accumulate to produce a 
much larger benefit over time.
Green RFID projects have impact in three 
dimensions: environmental sustainability, busi-
ness value, and social responsibility.
Environmental Sustainability. Most of the case 
studies achieved environmental sustainability, 
albeit in varying degrees. The case of Walmart 
showed that the larger the scale, the bigger the 
impact. Walmart’s pilot RFID implementation 
to replace its bar code system reduced its CO2 
emissions by 3.2 percent because its distribution 
trucks made fewer trips owing to better product 
visibility and tractability and improved inventory 
management.10
The TruckTag project was another interest-
ing application targeted at environmental sus-
tainability. The RFID-based tags enabled faster, 
automated driver security inspections, reduced 
traffic congestion, and improved air quality by 
reducing the idling time of the trucks’ engines.21
Business Value. Most companies hope to reduce 
costs when implementing green RFID projects.
The City of London School for Girls reduced 
installation cost of an under-the-floor RFID- 
enabled wireless temperature sensor network by 
80 percent compared to that of a wired network, 
and gained better control over the temperature of 
each room using RFID.19 Nestlé has similarly used 
RFID for temperature control to reduce spoilage, 
improve quality, and save 10 percent in energy-
related costs. Furthermore, although the direct 
cost savings is impressive, the indirect cost savings 
(such as insurance savings as a result of reduced 
spoilage and improved quality) is also noteworthy.
Some organizations adopt RFID in the hope 
of generating more revenue. By proposing a new 
business model, Recycle Bank and Reward for 
Recycling offered coupons to residents who re-
cycle, which prompted more families to recycle. 
It has also allowed Recycle Bank to increase its 
revenue through collection of more recyclable 
products. Using RFID, Recycle Bank has saved 
the equivalent of more than 318,000 trees and 
21 million gallons of oil.11
Social Responsibility. The impact of green 
RFID projects isn’t limited to environmental 
health and business value. The perceived envi-
ronmental investment by companies adds value 
to the relationship between customers and the 
companies—because customers think better of 
companies who they perceive as investing in the 
environment. Nestlé Italy capitalized on an ice-
cream management system enabled by RFID to 
effectively do green advertising, thereby adding 
value to their brand image.
Pressured by public demand, big corporations 
have an urgent need to fulfill their social respon-
sibilities. To keep up with a promise to cut car-
bon emission, DHL’s Smart Truck project has 
reduced fuel consumption and CO2 emissions 
by automating package scans to speed package 
handling by drivers and cut truck engines’ idling 
time during delivery. 
With more socially conscious enterprises, the 
positive impacts can extend into the communi-
ties in which they’re located. Residents and lo-
cal economies have already redeemed over US$1 
million by using their Recycle Bank points.
Lessons Learned
Table 2 summarizes our assessment using the 
MECI framework. The case studies show RFID’s 
potential to become a positive force in efforts to 
counter climate change, improve energy efficiency, 
control waste, and address other environmental 
challenges. It’s reasonable to assume that organiza-
tions in the selected case studies are more pioneer-
ing in terms of green RFID technology than the 
rest that remain silent about how they use RFID.
Given the current stage of RFID development 
in green-related implementations, the decision 
to initiate these projects was motivated by a mix-
ture for self-interest and pressure to improve the 
health of the environment. The motivation for 
10 case studies revolved around preserving the 
environment. In terms of execution, we found 
that all of the firms described in the case studies 
entered into partnerships to accomplish the proj-
ects. Companies with limited resources teamed 
up with other interested organizations to share 
profits and risks. Even large corporations found 
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that new challenges are better tackled with more 
resources from others.
Also, for 10 firms, the execution occurred at the 
higher operational unit level rather than a lower ob-
ject level. This is likely because of the high costs 
involved in implementing these projects at lower 
levels. Table 2 gives the impression that the projects 
didn’t encounter too many challenges, but many of 
the projects were still in an early stage of comple-
tion. In some cases, the organizations involved 
might have chosen not to identify the challenges in 
published case studies. Finally, the studies’ impact 
on environmental sustainability was quite strong, 
with 10 case studies supporting that area.
O ur analysis of the case studies shows that the challenge for RFID to be green IT is to avoid sacrificing prof-
its for environmental health or vice versa. The 
dilemma of trying to simultaneously grow 
the economy, environment, and society is by 
no means solvable without new technologies 
that make sustainable green practices pos-
sible. Whether RFID is green is less important 
than how RFID can be made greener. As more 
companies publish case studies on the green 
use of RFID, future research can focus on syn-
thesizing and learning innovative ideas from 
them. 
Table 2. Analyzing the motivation, execution, challenges, and impacts of green RFID projects.
W
a
lm
a
rt
R
ec
yc
le
 B
a
n
k
R
ew
a
rd
 F
o
r 
R
ec
yc
li
n
g
M
u
lt
i 
Li
fe
 C
yc
le
 C
en
te
r
C
o
n
ce
p
t2
So
lu
ti
o
n
P
ro
m
is
e
In
d
is
p
u
ta
b
le
 K
ey
Sm
a
rt
 V
a
re
fl
yt
St
ra
w
b
er
ry
T
h
e 
C
it
y 
o
f 
Lo
n
d
o
n
  
Sc
h
o
o
l 
fo
r 
G
ir
ls
N
es
tl
é 
It
a
ly
Tr
u
ck
Ta
g
D
H
L 
Sm
a
rt
 T
ru
ck
M
ot
iv
at
io
n
Financial revenue generating              
Cost saving              
Operational 
 
 
Additional 
functionalities
              
 
 
 
Improve quality  
and efficiency
     
 
 
 
 
 
 
 
       
Strategic 
 
 
 
Comply with 
regulations
   
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
  
Preserve  
environmental  
health
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
  
 
  
 
ex
ec
ut
io
n
Unit  level 
 
Low (specific object)              
High (operational  
unit)
    
 
           
Progress Pilot             
Implementing              
Partnership 
 
Public              
Private              
Mixed             
C
ha
lle
n
g
es
Technological Accuracy             
reliability              
Informational 
 
 
Data validity              
Data integration              
Data security  
and privacy
   
 
 
 
 
 
 
 
 
 
 
 
          
Im
p
ac
ts environmental sustainability              
Business value              
Social responsibility   
itpro-13-01-bose.indd   46 13/01/11   2:01 PM
 computer.org/ITPro  47
References
 1. E. Ngai et al., “RFID Research: An Academic Litera-
ture Review (1995–2005) and Future Research Di-
rections,” Int’l J. Production Economics, vol. 112, no. 2, 
2008, pp. 510–520.
 2. J. Aronson, “Making IT a Positive Force in Environ-
mental Change,” IT Professional, vol. 10, no. 1, 2008, 
pp. 43–45.
 3. V.M. Thomas, “Environmental Implications of RFID,” 
Proc. IEEE Int’l Symp. Electronics and the Environment, 
IEEE CS Press, 2008, pp. 1–5.
 4. A. Woodruff and J. Mankoff, “Environmental Sus-
tainability,” IEEE Pervasive Computing, vol. 8, no. 1, 
2009, pp. 18–21.
 5. P. Krauchi et al., “End-of-Life Impacts of Pervasive 
Computing,” IEEE Technology and Society Magazine, 
vol. 24, no. 1, 2005, pp. 45–53.
 6. S. Planting, “Is RFID SA’s Greatest Failure?” Finan-
cial Mail, 2 July 2004; http://free.financialmail.co.za/
innovations/2july/binn.htm and http://free.financialmail.
co.za/innovations/2july/4-02inlin.jpg.
 7. R. Das, P. Harrop, “RFID Forecasts, Players and 
Opportunities 2011–2021,” IDTechEx, 2010; www.
idtechex.com/research/reports/rfid_forecasts_players_
and_opportunities_2011_2021_000250.asp.
 8. “An Introduction to the Green Economy Report,” The 
United Nations Environment Programme (UNEP), 
www.unep.ch/etb/publications/Green%20Economy/
GER%20brochure%20(normal).pdf.
 9. S. Murugesan, “Harnessing Green IT: Principles and 
Practices,” IT Professional, vol. 10, no. 1, 2008, pp. 24–33.
 10. Y. Karakasa et al., “Evaluating Effects of RFID In-
troduction Based on CO2 Reduction,” Proc. 51st Ann. 
Meeting Int’l Society for the Systems Sciences, 2007; http://
journals.isss.org/index.php/proceedings51st/article/
viewFile/493/248.
 11. TexasInstruments, “Texas Instruments and Recycle-
Bank Make an Environmental Difference—One 
RFID Tag at a Time,” Sept. 2007; www.ti.com/rfid/
docs/manuals/casestudies/RFID_RecycleBank_Case_
Study_2008.pdf.
 12. M.C. O’Connor, “Michigan Households Get RFID-
Enabled Rewards for Recycling,” RFID J., Oct. 2009; 
www.rfidjournal.com/article/articleview/5293/1/1.
 13. B.K.R. Knoth and P. Kopacek, “Case Study: Multi 
Life Cycle Center for Electronic Products,” Proc. 
IEEE Int’l Symp. Electronics and the Environment, 2005, 
pp. 194–198.
 14. C. Swedberg, “Communities Turn to RFID to Boost 
Recycling,” RFID J., Aug. 2008; www.rfidjournal.
com/article/articleview/4259/1/1.
 15. Z. Lu et al., “RFID-based Information Management 
in the Automotive Plastic Recycling Industry,” In-
formation Technologies in Environmental Eng., Springer, 
2007, pp. 397–408.
 16. R. Wessel, “Wood Companies Look to RFID to Raise 
Yield, Reduce Carbon Footprint,” RFID J., Nov. 2008; 
www.rfidjournal.com/article/view/4435.
 17. G. Nereng et al., “Can Innovations in the Supply 
Chain Lead to Reduction of GHG Emissions from 
Food Products? A Framework,” Proc. Conf. Joint Ac-
tions on Climate Change, 2009; www.sintef.no/project/
Smart%20vareflyt/Paper%20og%20presentasjoner/ 
Paper_Can%20Innovations%20in%20the%20Supply%20 
Chain%20Lead%20to%20Reduction%20of%20GHG 
%20Emissions%20from%20Food%20Products%20 
%20A%20Framework_final.pdf.
 18. A. Ilic, T. Staake, and E. Fleisch, “Using Sensor In-
formation to Reduce the Carbon Footprint of Perish-
able Goods,” IEEE Pervasive Computing, vol. 8, no. 1, 
2009, pp. 22–29.
 19. C. Swedberg, “Wireless Sensor Network Helps 
School Cut Its Energy Use,” RFID J., Dec. 2008; www.
rfidjournal.com/article/articleprint/4484/-1/1.
 20. R. Wessel, “Nestlé Italy Finds RFID Brings ROI for 
Ice Cream,” RFID J., Apr. 2008; www.rfidjournal.
com/article/view/4017.
 21. M.C. O’Connor, “PierPass Makes TruckTag Man-
date,” RFID J., Oct. 2007; www.rfidjournal.com/
article/articleview/3656/1/1.
 22. B. Neely, “DHL Says Its SmartTrucks Save Money, 
Time and CO2,” RFID J., Sept. 2009; www.rfidjournal.
com/article/view/5261.
 23. I. Bose, R. Pal, and A. Ye, “ERP and SCM Systems 
Integration: The Case of a Valve Manufacturer in 
China,” Information & Management, vol. 45, no. 4, 2008, 
pp. 233–241.
Indranil Bose is an associate professor in the School of 
Business at the University of Hong Kong. His research 
interests include telecommunications, data mining, green 
technologies, and supply-chain management. Bose received 
his PhD in management from Purdue University. He’s a 
member of IEEE. Contact him at bose@business.hku.hk.
Shipeng Yan is a candidate for Master of Research in 
Management at IESE Business School, Barcelona. His 
research interest is in the strategic issues concerning the 
development of organizations. Yan received his BBA (infor-
mation systems) degree from the University of Hong Kong, 
where he performed the work contributing to this article. 
Contact him at shipeng.yan@hku.hk.
itpro-13-01-bose.indd   47 13/01/11   2:01 PM
